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Controlling the thickness of zirconia monolayers coated over SBA-15 offers an effective way to tune catalytic performance 
for the acid-mediated and hydrogen transfer (Meerwein Ponndorf Verley, MPV) cascade transformation of furfural to γ-
valerolactone. Complementary mechanistic and kinetic modelling establishes the existence of the two distinct zirconium 
active species (weak and strong acid sites), whose balancing enables optimisation of the cascade and hence maximal γ-
valerolactone (GVL) production. 
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Table 1. Physicochemical properties of catalysts. 
Fig. 1 Wide angle XRD patterns of ZrO2-SBA-15, and pure SBA-15 and tetragonal ZrO2 
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aICP-OES; bN2 porosimetry; 
cTotal pore volume for p/p0=0.98;
d Mean pore size 
from BJH-KJS method. 
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Fig. 2. (A) O 1s, and (B) Zr 3d XP spectra of ZrO2-coated SBA-15. 
Table 2. Furfural reaction over Zr catalysts. 
b
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aReaction conditions: 130 °C, 7 h; furfural : 2-propanol=1:50 (by mols); furfural : 
catalyst=2.5:1 (by mass, equivalent to 10 g·L-1 catalyst). b Furfuryl alcohol (FOL); 
2-propyl furfuryl ether (i-FE); 2-propyl levulinate ( i-LEV); γ-valerolactone (GVL). 
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Fig. 3. Influence of temperature on the reaction of furfural over ZrO2-SBA-15 catalysts. Reaction conditions: furfural:2-propanol=1:50 (by mols); furfural:catalyst=2.5:1 (by mass).
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Fig. 4. Product distributions for the reaction of furfural over ZrO2-SBA-15 catalysts. 
Reaction conditions: 170 °C; 7 h; furfural:2-propanol=1:50 (by mols); 
furfural:catalyst=2.5:1 (by mass). 
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Fig. 5. Apparent first-order pseudo-homogeneous kinetic constants (ki) at 170 °C for 
steps 1, 2, 3, and 4 in the reaction of furfural over ZrO2-SBA-15 catalysts. 
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Catalyst 
Fig. 6. Product distributions obtained with ZrO2-SBA-15(2) in 4 consecutive reutilization 
cycles in the cascade transformation of furfural to GVL. Catalyst regeneration was 
accomplished by calcination in air after the 3
rd
 reutilization cycle. Reaction conditions: 
170 °C; 7 h; furfural:2-propanol=1:50 (by mols); furfural:catalyst=2.5:1 (by mass). 
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